In this note, we address formally the issue of symmetry of different pathways in the forward and reverse directions in general case beyond equilibrium, making clear the conditions necessary. We also clarify when the symmetry is to be expected from a practical point of view.
We address the issue of symmetry of different pathways in the forward and reverse directions at steady state formally and exactly, making clear the conditions necessary for a strict symmetry of relative pathway populations. From a practical, approximate point of view, we will see that when user-defined states correspond to physical basins of reasonable depth, then path symmetry is expected. Our discussion builds on prior work by Crooks 1 and by vanden Eijnden.
2
We begin by considering a situation of equilibrium as sketched in Figure 1 , constructed from a large ensemble of systems undergoing natural dynamics. For simplicity, we assume there are two stable states (A and B) and two distinct pathways or channels (i and j) connecting the states as shown in Figure 1 , but our discussion is more generally applicable. In equilibrium, both the probability density and probability flows are unchanging in time, reflecting averages over the large ensemble. We now want to consider the relative probabilities of two pathways or "channels"
(which can be arbitrarily defined) such those schematized by i and j in Figure In complex systems, such as that considered here, it may be difficult to define true physical basins, so the forward-reverse symmetry relation of channel probabilities should be viewed as an approximate guideline or reference point. 
